Purpose To identify the risk of patients undergoing cataract surgery of having pathogenic conjunctival bacteria associated with their systemic co-morbidities. Methods Retrospective study of consecutive patients undergoing their first cataract operation from July 2005 to April 2010. Their preoperative conjunctival bacteria were cultured, identified, and classified in bacterial groups. Their co-morbidities were defined from their clinical data and the answers to systematic questions asked in the anaesthetic evaluation. The Microsoft Access databases of the two data sets were merged for carrying out the statistical analysis. Univariate association of each bacterial group with each co-morbidity was studied by using w 2 -test for categorical data and Student's t-test for continuous variables. Also, logistic regression models were used adjusting for age and sex. SPSS statistic programme, version 18 was used for all these analyses. Endophthalmitis cases in this surgical series were searched. Results In the 8333 selected patients, age was associated with increased conjunctival bacteria in all groups except for Streptococcus pneumoniae and Propionibacteriae. However, male sex was associated with these two groups and also with coagulase-negative Staphylococci, Corynebacterium xerosis, Staphylococcus aureus, and Gram-negative rods. After adjusting for age and sex, S. aureus was associated with diabetes, lung diseases, and renal and heart insufficiency; Gram-negative rods with smoking habit; Enterococci with diabetes; Streptococcus pneumoniae with kyphoscoliosis; and other Streptococci with diabetes and handicapped patients. Conclusion The more pathogenic conjunctival bacteria were more likely associated with patients' co-morbidities, such as diabetes, lung diseases, renal and heart insufficiency, kyphoscoliosis, and smoking habit, than the less pathogenic ones.
Introduction
A higher incidence of postoperative endophthalmitis (PE) after cataract surgery has repeatedly been associated with advanced age and male sex of the patients, even after using the best current surgical prophylaxes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Apart from the risk due to surgical complication such as the capsular posterior rupture, 4, 5, 7, 11, 12 other PE risks have occasionally been described, for instance diabetes 13, 14 and immunosuppression. 15 The magnitude of the men as a group at risk, the imprecision of the age factor, the low incidence of PE, and our previous finding of a higher prevalence of certain pathogenic conjunctival bacteria in diabetics undergoing cataract operation 16 suggest the hypothesis of patients having other concomitant characteristics partially responsible for the increased PE incidence of men and older patients, which could imply more reduced subgroups of patients at risk.
In the Endophthalmitis Vitrectomy Study (EVS), 17 a poorer visual outcome was clearly attributed to the bacteria different from coagulase-negative Staphylococci (CNS) isolated in their PE cases. Since then, the bacterial endophthalmitis pathogenesis has been carefully studied and reviewed, 18, 19 emphasising the pathogenic power of certain bacteria such as Staphylococcus aureus, Streptococcus species, Enterococci, Bacillus spp and most Gram-negative rods in the postoperative cases. The devastating effect of these bacteria was also shown after the EVS in several studies. 4, [20] [21] [22] [23] [24] [25] Taking into account the role of the conjunctival flora as the main source of bacterial contamination during the intraocular surgery, 26 what is remarkable is the low prevalence of these pathogenic bacteria on the conjunctiva of patients operated on for cataract in all the published studies. [27] [28] [29] [30] However, very little is known about whether the clinical characteristics of this small number of patients with pathogenic bacteria colonising their conjunctivas are different. 16, [31] [32] [33] Today, the available data of the Human Microbiome Project reveals the possibility of determining differences between the microbiomes of healthy and unhealthy people. 34 This fact opens a new horizon in the management of infectious diseases. In this way, a relation between the pathogenic conjunctival bacterial colonisation and the clinical characteristics of patients undergoing cataract surgery could be useful for easily identifying those with a higher risk of pathogenic bacterial contamination during the cataract operation, and consequently counselling these patients about their potential risk of a poorer visual outcome (caused by certain PE) and owing to their health status.
The aim of the present study is to investigate the association of pathogenic and less pathogenic conjunctival bacterial colonisation with a wide range of patients' co-morbidities in a big sample of patients undergoing their first cataract operation, independently of the factors of age and sex.
Materials and methods

Study design
A retrospective cross-sectional study of consecutive patients who underwent their first planned cataract operation in a teaching tertiary hospital from July 2005 to April 2010. Every patient awaiting their first cataract operation had, in this study, a preoperative examination (established by a protocol) consisting of: a basic clinical analysis, an electrocardiogram (ECG), a thorax X ray, a conjunctival bacterial culture, and a clinical evaluation for anaesthetic and surgical purposes. During this evaluation, the patients were asked about their current medication and about a fixed set of diseases previously diagnosed, and the answers were systematically recorded in a Microsoft Access database, together with the interview date, the surgery indicated, the medical record numbers, the demographic data of the patients, and the results of the preoperative tests. From this database, the co-morbidity variables were defined as it was summarised in Supplementary Table 1 . The conjunctival bacteria isolated in each of the patients were prospectively recorded in the laboratory database, which also contains the medical record numbers and demographic data of the patients, and the origin and collecting date of the samples among other data. Bacteria were grouped as in order to obtain a number of samples as big as possible for carrying out statistical comparisons, and paying attention to their above described pathogenic power in PE cases [17] [18] [19] [20] [21] [22] [23] [24] [25] (S. aureus, Streptococcus species, Enterococci, Bacillus spp, and most Gram-negative rods).
The patients were selected, by means of the Microsoft Office Access 2003 utilities, from the records of the laboratory database from 11 July 2005 to 1 April 2010, and from the records of the anaesthetic and surgical purposes database from 11 January 2005 to 30 April 2010, to ensure that each culture corresponds to a first cataract operation, (if a second cataract operation on a patient is performed within 6 months of his first, only the conjunctival bacterial culture is carried out). The following exclusion criteria were applied: (1) The laboratory records of any subsequent cataract operations after the first study record were excluded, in order to avoid the effect of a previous antibiotic prophylaxis on the conjunctival bacteria. (2) Cataract operations combined with other surgical procedures were excluded.
The laboratory database was linked to the anaesthetic and surgical purposes database, by means of the Microsoft Office Excel 2003 utilities. Any discrepancy in the linking process was resolved by checking in the hospital records computerised system and in the medical records of the patients. The records of the merged database were de-identified before performing the statistical analysis. This research adheres to the tenets of the Declaration of Helsinki. Our hospital ethics committee approved the publication of this study.
Microbiological method
The specimens' collection and the culture technique are described elsewhere. 16, 35 Patients were instructed for not washing their eyes and not using any kind of ocular drops in the morning before the specimens were collected; and also not using antibiotics during the previous 48 h. The identification and antibioticsusceptibility test of non-exigent growing bacteria was performed as follows: panel PC23 was used for Enterococci, all Staphylococci with positive mannitol test and those Staphylococci mannitol negative, when more than five colony-forming units (CFU) per microlitre, were isolated; panels PC38 and PUC37 were used for Gramnegative rods All these panels (from Dade Behring, Siemens Healthcare Diagnostics, Barcelona, Spain) were automatically read and recorded in the AutoScan4 microbiological system (Siemens Healthcare Diagnostics). For more exigent growing bacteria, the identification of Haemophilus, Neisseria, and Moraxella was carried out with the HNID Dade Behring panel. Streptococci, Propionibacteria, Corynebacteria, and other Gram-positive rods were identified by their growing characteristics, and their macroscopic and microscopic morphology; S. pneumoniae was differentiated by the optochin disc. The antibiotic-susceptibility tests (with agar diffusion technique) were carried out for every bacteria considered pathogenic and for those less pathogenic when their colony count was higher than five CFU, except for Corynebacterium xerosis and Propionibacterium spp, which were never tested for antibiotic susceptibility.
Surgical prophylaxis
All patients received Oftalmotrim eye-drops (Alcon Laboratory, Barcelona, Spain), every 3 h (within 9 and 24 h), for five days before the surgery, except those patients having pathogenic conjunctival bacteria or a high count of non-pathogenic bacteria resistant to the Oftalmotrim antibiotics, (polymyxin B and trimethoprim). These ones received another eye-drop antibiotic according to their susceptibility tests. When Enterococci or Gram-negative rods (except Haemophilus spp) were isolated in a patient, his cataract operation was delayed until a non-pathogen conjunctival bacterial pattern was obtained; otherwise, an antibiotic oral prophylaxis was used. For every patient of the study, 10 min before of the operation, povidone-iodine 5% solution was instilled into the conjunctival sac and the surrounding ocular area was also scrubbed with the same solution. The postoperative prophylaxis was chosen by the surgeon. After March 2006, according to the ECSRS study guidelines, 5 intracameral cefuroxime or vancomycin injections were progressively used over the study period, in addition to the previous prophylactic measures.
To evaluate the efficacy of our prophylaxis, we retrospectively searched the PE cases occurred in these 8333 surgeries by means of the hospital computerised system containing the International Classification of Diseases, ninth revision 36 codes. For endophthalmitis: 360.00 (non-specified purulent endophthalmitis); 360.01 (acute endophthalmitis); 360.02 (panendophthalmitis); 360.03 (chronic endophthalmitis); and 360.19 (other endophthalmitis). In order to separate the PE occurred in surgeries during the phacoemulsification technique (PHACO) from those during the intracapsular cataract extraction (ICCE) and the extracapsular cataract extraction (ECCE), we also searched for the codes 13.19 (ICCE) and 13.59 (ECCE).
Statistical analysis
Descriptive analyses were performed for all variables. The percentages of each co-morbidity in men and women were compared. The univariate association of the prevalence of each bacterial group with each of the clinical characteristics of the patients defined as variables was initially examined using w 2 -test for categorical variables and Student's t-test for continuous variables. The logistic regression models were used to study the association of the conjunctival bacterial groups and different co-morbidities, which were expressed as odds ratios and 95% confidence intervals. All analyses were performed controlling the effect of age and sex, as these two variables have been shown to influence the prevalence of the conjunctival bacteria on patients undergoing cataract surgery in a previous study. 28 These analyses were performed using IBM SPSS STATISTICS (version 18; IBM Corporation, Armonk, NY, USA). For all the analyses, Po0.05 was considered statistically significant.
Results
There were 8333 patients operated on for their first cataract over the 5-year period, aged from 18 to 98, mean age 73.66 and SD 9.24; 57.4% of the patients were older than 73 years. The mean age of the 3687 men (44.2%) was 72.65, SD 9.79; the mean age of the 4646 women being 74.47, SD 8.70. The age of the women was higher than that of the men (Po0.001). The prevalence of the defined patients' co-morbidities is given in Table 1 , beside the mean age of each co-morbidity group. The prevalence of the variables diabetics, lung diseases, smokers plus ex-smokers, renal insufficiency, ischaemic cardiopathies, and any ECG abnormality was statistically higher in men; but aortic atheroma and kiphoscoliosis were more prevalent in women, these two groups of patients having the highest mean age (above 78 years). The prevalence of the grouped conjunctival bacteria is shown in Table 2 . In all bacterial groups except for S. pneumoniae, Enterococci, C. xerosis, and Propionibacterium spp, a patient could be colonised by more than one species of the same group, this being more frequent in the CNS group.
In the univariate analysis of the association study, the groups of Haemophilus spp and other Gram-positive rods were not associated with none of the co-morbidities; the variables liver diseases and immunosuppression were not associated with any of the bacterial groups. The results of the logistic regression for the remaining variables are shown in Table 3 (associations of the pathogenic bacteria) and Table 4 (associations of the non-pathogenic bacteria). Age was associated with most conjunctival bacterial groups except for S. pneumoniae and Propionibacterium spp, which were increased in male sex. In addition, male sex was associated with S. aureus, Gram-negative rods, CNS, and C. xerosis. After adjusting for age and sex, a higher prevalence of S. aureus is associated with diabetes, lung diseases, renal and heart insufficiency; Gram-negative rods with smokers plus exsmokers; S. pneumoniae with kyphoscoliosis; Enterococci with diabetes; other Streptococci with diabetes and handicapped patients (Table 3 ). There were very few co-morbidities associated with less pathogenic bacteria ( Table 4) .
In the present study, there were four PE cases, two in 2005 and the other two in 2006 (Table 5 ). The overall PE incidence was 0.048% including the surgeries with planned ECCE and those PHACO reconverted to ECCE because of having intraoperative complications. For PHACO surgeries the PE incidence was 0.012%. The cultures of intraocular samples of the PE cases were not available.
Discussion
Our sample of patients has the same distribution of age and sex as most of the series of patients operated on for cataract. [1] [2] [3] [4] [5] [6] [7] [8] [9] [27] [28] [29] 37, 38 However, the prevalence of patients' systemic co-morbidities, without grouping them as a health status index, is rarely described in such series. 30, 37, 38 These co-morbidities could have been overrepresented among our patients (Table 1 ) because of our hospital being a tertiary one, which seems to be the case in the Auckland cataract study 38 too; in fact, in population cataract studies 2 or in those studies involving several settings 37,39 a lower rate of some systemic comorbidities was obtained. Our higher prevalence of systemic co-morbidities in men (Table 1) could introduce some bias in our results. However, our proportion of comorbidities in both sexes is similar to that found in old people in the general population in recent studies, 40, 41 which indicates that men operated on for cataract in the last decades could have similar co-morbidity rate. For example, our different prevalence of smokers in both sexes is also shown in another coetaneous study of patients with cataract. 42 To our knowledge, the present study contains the biggest cohort of consecutive patients undergoing their first cataract surgery in which a wide range of individual co-morbidities were associated with the prevalence of their conjunctival bacteria. Previously, Fahmi et al 27 found a correlation between male sex and the prevalence of Corynebacteria and Gram-negative rods; other small studies associated the conjunctival bacteria with a particular co-morbidity such as patients taking immunosuppressive drugs 31 or those having diabetes; 32, 33 Miñ o de Kaspar et al 29 found that advanced age and patients grouped for having diabetes, immunosuppression, autoimmune conditions, and asthma had a higher rate of positive conjunctival cultures than the control group, but they did not find any gender association. Recently, 30 with fewer patients, no association was found between conjunctival bacterial prevalence and diabetes, steroid therapy, dialysis and allergic conjunctivitis, but an association was found with age above 60. Most of these positive associations are in agreement with our results (Tables 3 and 4) , probably because of our higher number of patients and our larger variety of isolated bacteria 43 (Table 2 ). In a previous study, 28 we also found an increased conjunctival bacteria prevalence in old people and male sex, but the current finding of the higher co-morbidities prevalent in males adds a new piece of information to understand why men have a higher risk of PE. 1,4-10 Diabetes, lung diseases, smokers plus ex-smokers, renal insufficiency, and ischaemic cardiopathies are more prevalent in men (Table 1) . 
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After adjusting for age and sex, there are still some pathogenic bacterial groups associated with four of these co-morbidities (Table 3 ). The association of male sex with Propionibacterium spp (not cultured in our previous series of patients 28 ) is a new finding of this study (Table 4 ). These facts suggest that part of the increased conjunctival bacteria of men operated on during this study period could be attributed to their lifestyle. The association of diabetes with Enterococci, S. aureus, other Streptococci and Gram-negative diplococci is in line with the conjunctival bacterial pattern described previously for diabetic people, 16 where the bacterial prevalence in renal insufficiency was also shown. However, the following associations of pathogenic bacteria are now identified for the first time: S. aureus with lung diseases and heart insufficiency; Gram-negative rods with smokers plus ex-smokers; S. pneumoniae with kyphoscoliosis; and other Streptococci with handicapped patients (Table 3) .
We hypothesised that some blood factors could enhance the growing of certain bacteria in patients having certain co-morbidities. For instance, bacteria that strongly ferment glucose (most Staphylococci, Enterococci, most Streptococci except for S. pneumoniae and most Enterobacteriaceae) in diabetics; bacteria that grow with a lower oxygen concentration (Propionibacteriae) in smokers; bacteria that need lipid supplementation for growing (C. xerosis and other diphtheroids) in hyperlipidaemic old patients (data not provide in this study). However, we cannot suggest possible hypothesis for all the found associations. In any case, similar studies in other settings are needed to reinforce the consistence of these associations, and afterwards investigate the causes of them.
Our surgical prophylaxis was as effective as those used in current studies that obtained the lowest incidence of PE. 4, 5, 10, 44 However, our prophylaxis has been changing over the study period and the PE Table 4 Adjusted odds ratio obtained by means of logistic regression models for the associations of the less pathogenic bacterial groups with certain co-morbidities of 8333 patients undergoing cataract surgery Could patients' co-morbidities predict the potential risk of devastating PE? M-E Ferná ndez-Rubio et al incidence too; the PE cases were concentrated in the first year of the study period, with no cases in the following years. In our opinion, several factors could be responsible for our PE incidence decrease: the gradual increase in the use of cefuroxime after March 2006; the technological improvement of the phacoemulsification machines; the introduction of tools for better-managed surgical complications; the gradual decrease of surgeries that were performed with the ECCE technique year after year (Table 5) ; and the annual differences of the conjunctival bacterial prevalence. The effect of these factors are documented in several studies, 4,5,9,10,45-47 except the last factor, whose possible influence is shown in this study for the first time. In particular, the S. pneumoniae prevalence decreased significantly from 5.89% in the first year of the study period to 1.38% in the last year; this change of prevalence could be due to the old people vaccination campaign that took place in our country over the study period (Supplementary Table 2 ). Owing to our low incidence of PE, the number of cataract operations of our study is very small for drawing conclusions on the efficacy of the different steps of our prophylaxis; however, in this study there were a big PE incidence reduction (0.048%) compared with the PE incidence of our series of patients operated on in the period 1994-1996 (0.406%). 47, 48 During the mid-nineties, the povidoneiodine solution was not used systematically as it was used in the present study; the ECCE technique was still predominant, and the intracameral cefuroxime and the S. pneumoniae vaccination were not used at all. Also, because of our insufficient number of cataract operations and PE cases, we cannot demonstrate the association of the PE risk with the patient co-morbidities. For similar reasons, because of the current efficacy of the prophylaxes, 4,5,10 the ascertaining of the value of the systemic co-morbidities as potential indicator of the PE risk is restricted to those PE cases caused by pathogenic bacteria highly resistant to the prophylaxes. For instance, after using topical chlorhexidine solution and intracameral cefuroxime, the PE incidence caused by Enterococci was relatively high (23% of their PE cases) in Sweden, 4 probably owing to the antimicrobial resistance of these bacteria (according to our antibiotic resistance pattern 35 ). In the present study, the conjunctival prevalence of Enterococci was 2.1%, and this bacterial colonisation was associated with diabetes and advanced age. The potential risk of intraocular contamination by Enterococci during the cataract surgery of our patients was increased 1.6 and 2.5 times in those over 85 and 90 years, respectively, in spite of having a decrease in the diabetes prevalence above the age of 85 (see the prevalence of Enterococci in groups of age in Supplementary Table 3 . We had no PE cases while we were using intracameral cefuroxime, (similar to that used in the Swedish study 4 ); but in addition, we had used topical antibiotics, povidone-iodine instead of chlorhexidine and we knew in advance the susceptibility of Enterococci to the antibiotics. These facts suggest that PE incidence due to Enterococci could be reduced by modifying the prophylaxis of diabetics and patients older than 85 years.
There are some possible weaknesses in our study. First, the prevalence of co-morbidities could be under-reported because some patients did not know what diseases they had when they passed the clinical evaluation for anaesthetic purposes; this possible weakness would make the associations of the affected co-morbidities stronger, as that means that we have counted false negative among those patients without reporting co-morbidity. Second, 2.41% of the patients admitted in the evaluation that they did not remember the whole medication that they were taking; this lack of information could affect the reliability of variables defined by means of the medication such as taking a-adrenoreceptors blockers, immunosuppression, and high blood pressure. Third, another limitation comes from the fact of grouping bacteria. For instance, among the Gram-negative rods, we found that Klebsiella spp is more prevalent in diabetics than in non-diabetics. 16 However, the design of the present study does not allow the analysis of the Gram-negative rods group in more detail. Finally, using a microbiological culture method for isolating the conjunctival bacteria could be a limitation compared with using 16S rDNA sequencing-based detection and identification, because of the wider spectrum of ocular surface bacteria described recently in a pilot study of four patients. 49 However, in another study using both methods, conventional culture and eubacterial PCR (16S rDNA sequences compared with those available in the GenBank, EMBL), for identifying bacteria in 100 PE cases, the rate of positive identification was not statistically different. 50 In fact, the current cataract surgery prophylaxes based on the antibiotic susceptibility of cultured bacteria are efficacious. 4, 5, 10, 44, 47 In conclusion, certain systemic co-morbidities of the patients undergoing cataract surgery could alert ophthalmic surgeons to the risk of these patients for having pathogenic conjunctival bacteria and could help to control the suitability of the surgical prophylaxis in use. The groups of patients most affected are diabetics, those suffering from lung diseases, renal or heart insufficiency and kyphoscoliosis, smokers and ex-smokers, and the handicapped, independently of the increase of age and male sex, which are also risk factors for having a higher conjunctival bacterial prevalence.
